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SUI,2.i'JlY 

The  structure  of  the  coclqpit  of  the  T.S,R.2  has  been  simulated  in  a 
Hunter  by  blanking  off  areas  of  the  windscreen  and  canopy  with  adhesive 
tape.  Ten  pilots  have  assessed  the  view  from  the  ooclq>it  in  a  variety  of 
meteorological  visibilities  whilst  fl^'ing  at  M  =  0.9  at  200  feet  above 
ground  lo’/el,  and  on  the  approach  to  land.  In  the  original  design  of 
cockpit  canopy  simulated  the  overhead  mecdbers  produced  a  serious  obstruction 
to  viev^  in  turns,  but  a  second  canopy  design  wldoh  was  also  simulated  was 
fouid  to  be  a  great  iirprovement.  The  pilots  criticised  the  view  from  both 
T.G.R,2  cockpit  designs  simulated,  as  the  windscreen  pillars  and  arch  were 
so  wids  for  structural  reasons,  in  order  to  provide  adequate  bird  strike 
protection,  that  they  caused  considerable  blind  areas. 
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1  INTRODOCTION 


The  design  of  the  ooohplt  struoture  and  transparenoies  of  the  T.S.R.2  is 
governed  by  the  oonflioting  requirenwnts  of  providing  a  good  field  of  view  for 
the  pilot,  and  providing  a  struoture  whioh  will  withstand  a  bird  strike  and 
meet  the  thennal  requirements  of  the  high  lliaoh  number  flight  plans  of  the 
airoraft.  The  ultimate  solution  will  inevitably  be  some  oonpromlse  between 
these  requlrerasnts.  Proposals  were  made  in  the  initial  brochure  for  the 
assessment  of  the  view  from  representative  mook-ups.  It  is  extremely 
difficult  to  make  this  assessment  with  any  oonfldenoe  from  a  fixed  platfann, 
and  it  was  felt  that  a  more  representative  simulation  oould  be  mede  by  blanking 
off  areas  of  the  oool^lt  of  another  airoraft  (a  Hunter  6)  to  simulate  the 
struoture  of  the  T.S.R.2.  Plights  oould  then  be  made  in  representative 

oondltlons  and  ooianents  by  the  pilots,  on  the  view  from  the  airoraft,  obtained. 

This  assessment  was  mads  between  Novenber  1959  and  January  19^0,  by  the 
pilots  of  Aero  Flight  R.A.R.  Bedford,  and  by  pilots  from  Vidkers-Armstrongs 
and  R.A.F.  (A)  Branoh  M.O.A.  The  view  was  assessed  in  hlf^-qpeed  low-levsl 
flight,  and  on  the  approach  to  land,  and  the  ooomsnts  of  the  pilots  have  been 
InoludM  as  an  Appen^x  to  this  note. 

The  T.S.R.2  has  been  designed  for  automatio  (Operation  at  high  speed  at 
low  level,  so  the  pilot's  view  from  the  cockpit  may  not  be  as  important  as 
from  a  manually  oontrolled  airoraft  in  the  same  role.  However  the  pilot 
must  have  a  suffioiently  good  view  to  be  able  to  monitor  the  automatio  system, 
and  to  be  able  at  least  to  return  to  base  and  land  in  the  event  of  its  failure. 

2  THE  METHOD  OP  SPaJIATION 

The  flight  oondltlons  simulated  were  high  speed  low  level  fll^t  and  the 
approach  to  liuid. 

The  oookplts  of  the  T.S.R.2  and  Hunter  are  different  in  shape  and  sise 
and  are  shown  in  side  view,  drawn  to  the  same  scale,  in  Pig.1.  The  eye 
position  assumed  for  normal  flying  in  the  T.S.R.2  is  shown  as  point  X.  As 
the  airoraft  will  approach  to  land  using  a  very  nose->hi^  attitude,  the  pilot 
will  be  req^ired  to  raise  his  seat  to  obtain  a  better  view  over  the  nose  of 
the  aircraft;  the  estimated  eye  position  in  this  case  is  shown  as  point  Y* 

The  assvmied  ^  position  in  the  Hunter  remained  constant  throughout  the  tests 
and  is  shown  as  point  Z. 

The  simplest  method  of  simulating  the  windscreen  and  oanopy  struoture  of 
the  T.3.R.2  was  to  represent  this  struoture  by  stioking  black  adhesive  t^pe 
to  the  inner  surface  of  the  Hunter  windscreen  and  oanopy.  The  areas  to  be 
blanked  off  were  fixed  by  assuming  that  the  angular  positions  of  correspond- 
ing  points  in  the  T.S.R.2  and  its  simulation,  measured  from  a  point  addwwy 
between  the  pilot's  eyes,  should  be  the  same.  Usasurements  were  made  on  the 
T.S.R.2  windaoreen  using  a  viewing  Inolinomster  set  up  at  this  point,  and  then 
the  areas  were  marked  on  the  Hunter  windsoreen  using  the  same  method*  She 
roof  maobers  were  marked  out  by  external  msasurement  on  the  oanopy  aurfsoe. 

The  sisulation  in  the  Hunter  was  oonpared  with  a  moolc>«p  of  the  actual 
T.S.R.2  by  means  of  photographs  taken  from  points  X  and  T  in  tbs  T.S»R*2 
mook-ip  and  point  Z  in  the  Hunter.  Since  a  wide  field  of  view  was  re^iired, 
a  pinhole  oamera  was  used  which  had  a  field  of  view  of  120°  in  asiauth  and 
500  in  elevation.  The  field  of  view  of  the  camera  is  shown  in  Pig,  2a  and 
typical  photographs  from  the  standard  Hunter,  a  possible  T.S.R.2  layout  and 
the  simulation  of  this  layout  in  the  Hunter,  are  shown  in  Pigs.  2b,  3a  and  3b 
respeotively. 
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The  Hunter  vlndaoreen  and  oanopy  closer  to  the  pilot  than  those  In 
the  T.S.R.2,  so  the  method  of  simulation  used  la  not  perfect  when  hlnooular 
vision  and  head  movement  are  considered,  slnoe  the  Hunter  struoture  and 
blanking  were  easier  to  see  round  than  the  oorresponding  struoture  in  the 
T.S.R.2.  In  the  Hunter  one  inch  of  eye  movement  is  equivalent  to  1.7”  at 
the  bottom  of  the  windsoreen  (the  farthest  point  in  the  ooolqpit  from  the 
pilot's  eyes),  and  to  5*4°  at  the  top  of  the  windsore^  In  the  T.S.R,2 
one  insh  of  eye  movement  is  equivalent  to  1«0”  and  3*7”  respeotivsly  at  these 
two  points. 

3  THE  PLimr  OONDITKMS  AND  THE  COMPISDRATIOMS  ASSaaSg) 

nw  flight  conditions  under  whloh  the  assessment  was  made  weret- 

(a)  M  a  0.9  at  200  ft  above  ground  level  over  flat  terrain  and  sea, 
in  straight  and  level  and  turning  flight,  in  a  variely  of  meteorologioal 
visibllltiee.  The  height  above  ground  level  was  assessed  with  the  aid  of  a 
radio  altimeter. 

(b)  On  the  approach  to  land  on  a  3°  glide  path  at  135  knots. 

Approaches,  both  straight  and  in  cross  winds  (with  the  assoolated  oorreotions 
to  the  approaoh  path),  were  flown  in  a  variety  of  meteorologioal  visibilities. 

(o)  Inoldental  assessment  during  general  flyii^  and  oiroult  oonditions. 

Teo  different  designs  of  T.S.R.2  oool^it  oaxu^  were  simulated.  The 
first  flights  with  a  sisulatlon  of  the  oool^lt  desl^  as  it  stood  in 
NovendMr  1959  (T.S.R.2  configuration  A),  showed  that  the  overhead  oanopgr 
meoi>ers  produced  a  serious  obstruotlon  to  view  in  turns.  Another  oanoipiy 
design  (T.S.R.2  oonfiguration  B)  was  therefore  rapidly  produced  by 
Vlokers^ilrmstrongs  limited  to  i^rovs  the  view*,  althou^  it  was  not  oertain 
at  the  tine  whether  it  would  be  possible  to  overocms  ths  oonstruotioncl 
problems  this  introduoed.  This  design  of  oanopy  was  also  simulated  in  the 
Hunter. 

T.S.R.2  oonfiguration  A  had  an  off-oentre  opening  olam-shell  oanopy 
with  the  dividing  line  to  starboard  of  ths  centre  line.  As  seen  when  closed 
the  oanopy  struoture  oonsistsd  of  a  wide  overhead  beam  whioh  extended  further 
to  the  starboard  of  the  airoraft  centre  line  than  to  the  poort;  this  beam  hod 
a  small  window  (offset  slightly  to  port)  at  its  forward  rad,  ngs,3e  end  9ii 
are  photographs  from  a  of  ths  T.S,R.2  oonfiguration  A,  taken  ftan 

points  X  and  T  respeotivsly  (see  Seotion  2).  The  fields  of  view  derived 
from  these  photographs  are  shown  in  Figs.ita  and  10a  respeotively. 

T,S«R,2  oonfiguration  B  had  a  sjnnostrioal  oentreHipening  olast-shell 
oanopy,  the  oanopy  struoture  (as  seen  when  closed)  oonsisting  of  a  sini^ 
relatively  narrow  oentral  beam.  The  field  of  view  ttm  point  X  in  T.S,R,2 
oonfiguration  B  is  shown  in  V1^6a;  this  was  derived  from  flg.4a  wiHh 
allowanoe  for  ths  ohangs  in  overhead  oanopy  smabers. 

Ths  field  of  view  diagrams  were  derived  ths  pinliole  oamsra 
photographs  with  ths  aid  of  a  photograph  of  a  5°  grid  (Fig.2a),  and  have  been 
oorreoted  to  a  frame  of  refsrerioe  whioh  is  parallel  to  the  horisontal  when 
in  fliid^t.  The  portions  of  ths  diagrams  that  lie  outside  the  eaaaera's 
field  of  view  are  baaed  on  firm's  data  and  are  shown  by  dotted  lines. 


*A  oookpit  oanqpy  with  a  struoture  very  similar  to  that  of  T.S,R.2 
oonfiguration  B,  but  opening  in  a  different  manner,  has  slnoe  been  adopted  for 
the  T.S.R.2# 
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The  tiantor  tTaa  aeseseed  In  five  oonflgurations. 

(a)  At  M  s  0. 9  at  low  level  (T.S.R,2  eye  position  X) 

liinter  oonfiguration  1 

Standard  Hunter  with  gun-sight  lemoved.  This  is  sho«rn  in  the  photo¬ 
graph  Pig,  2b,  from  whioh  the  field  of  view  Pig,  2c  has  been  derived. 

Hunter  oonfiguration  2 

Siaulatlon  of  T.S.R.2  oonfiguration  A.  The  Hunter  is  shown  in  the 
photograph  Pig.5h,  from  whioh  the  field  of  view  ^g,itb  has  been  derived,  and 
in  the  general  view  Pig.5« 

Hunter  oonfiguration  3 

The  field  of  view  of  T.S.R.2  oonfiguration  B  is  shown  in  Fig, 6a,  and  the 
sinulation  of  this  in  the  Hunter  oonfiguration  3  is  shewn  in  the  field  of  view 
Fig.  6b  and  the  general  view  Pig.  7.  The  only  change  from  Hunter  oonfiguration 
2  was  in  the  overhead  oaiu^y  stztioture,  and  this  oan  be  seen  by  oonparing 
Pig.  5  and  Pig.  7. 

Hunter  oonfiguration  4. 

Simulation  of  T.S.R.2  oonfiguration  A.  The  Hunter  is  shown  in  the 
photograph  Fig.  8a,  from  idiioh  the  field  of  view  Fig,  8b  has  been  derived.  This 
field  of  view  was  the  same  as  Hunter  oonfiguration  2  exoept  for  the  sioulated 
front  windsoroen  pillars  whioh  were  displaced  from  their  oorreot  position,  so 
as  to  lie  over  the  Hunter  pillars.  The  oorreot  area  of  structure  was 
therefore  simulated  but  the  front  windsoxeen  was  too  wide.  This  oonfigura¬ 
tion  was  assessed  to  see  whether  the  elimination  of  the  seoond  pair  of 
pillars  would  alter  the  opinions  formed  when  flying  the  other  oonfigurations. 

(b)  On  the  approach  to  land  (T,S,R,2  eye  position  Y) 

Hunter  configuration  5 

Simulation  of  T.S.R,2  oonfiguration  A.  The  Hunter  is  shown  in  the 
photograph  Fig.  9b  from  irtiioh  the  field  of  view  Pig.  10b  has  been  derived,  and 
in  the  general  view  Pig.  11, 

The  conditions  assessed  by  means  of  the  different  Hunter  oonfigurations 
are  summarised  in  Table  1 ,  in  whioh  the  relevant  figures  are  listed  and 
oonments  on  the  details  of  the  simulations  are  presented, 

4  THE  PTT/ffRt  Assiasiicans 

In  its  various  oonfigurations  the  Hunter  was  flown  over  flat  terrain  by 
10  different  pilots  -  (7  R,A,E.,  2  Viokers  Armstronge,  1  R.A.F,(A)  Branch 
M.O.A.). 

Early  in  the  tests  it  was  found  that  meteorologioal  visibility  hsd  a 
roarloed  influenoe  on  the  pilots '  assessment  of  a  given  oookpit  oonfiguration, 

A  oonfiguration  whioh  was  aooeptable  in  good  vislbili'ty  might  beoosm 
unaooeptable  in  poor  visibility,  as  the  need  Inoreased  for  oontinuous  search¬ 
ing  to  make  sure  that  the  path  of  the  airoraf t  was  free  from  danger  of 
ooUislon  with  ground  obstruotlons  or  other  aircraft.  Some  idea  of  the 
sensitivity  of  pilots  to  small  obstructions  in  the  oodq;>lt  idien  making  these 
assessments  may  be  obtained  from  their  request  to  have  the  emergenoy  compass 
removed  from  the  Hunter,  sinoe  they  felt  that  it  ml^t  affect  their 
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assessment.  This  oonmass  was  at  the  top  of  the  port  side  panel  of  the  wind¬ 
screen  (Figs.  2b  and  5b\  and  was  removed  after  the  first  two  flif^ts  of 
Hunter  configuration  2. 


The  standard  Hunter  has  a  good  view  from  the  coalpit,  and  pilots  found 
that  the  oonsiderable  increase  in  blind  areas  produced  by  the  T.S.R.2 
simulation  was  most  undesirable,  particularly  when  flying  in  poor 
meteorologioal  visibility.  Critioism  was  direoted  partioularly  at  the  large 
obstruction  to  view  prodded  by  the  overhead  canopy,  and  by  the  intersection 
of  this  with  the  windscreen  arch  and  pillars,  in  one  possible  T.S.R.2  layout 
simulated  (T.S.R.2  oonfiguration  A,  Hunter  configurations  2.  4  and  5)*  A 
second  design  of  overhead  canopy  structure  which  was  also  simulated  (T.S.R.2 
configuration  B,  Hunter  oonfiguration  3)  produced  a  great  iiqproTsment  in  both 
these  aspeots  of  the  view.  Other  points  of  criticism  which  applied  to  both 
the  possible  T.S.R.2  layouts  simulated  were  the  width  of  the  windscreen  arch 
and  windscreen  pillars,  both  of  which  narkedly  reduced  the  view  and  therefore 
oaused  anxiety  when  flying  at  high  qpeed  in  poor  visibility. 

The  pilots'  assessments  of  the  different  Hunter  configurations  are 
sur^arised  in  Thble  2  and  more  detailed  pilots'  oomnents  are  given  in 
Appendices  1  and  2. 

5  CXMlCmSIONS 


An  assessment  of  the  view  from  the  ooolqpit  of  the  T.S.R.2  has  been  made 
by  10  pilots,  usix^  a  Itinter  6  aircraft  in  which  blind  areas  oaused  by  the 
structure  of  the  T.S.R.2  were  simulated  by  blanking  off  areas  of  the  wind- 
screen  oanopy.  The  areas  to  be  blanked  off  were  fixed  by  assuming  that 
the  angular  positions  of  corresponding  points  in  the  T.S.R.2  and  its 
simulaticm,  measured  from  a  point  midway  beteeen  the  pile's  eyes,  should  be 
the  seme.  This  method  was  limited  in  realism,  as  Ihe  Hunter  windscreen  and 
oam^  were  nearer  to  the  pilot  than  those  in  the  T.S,R.2,  so  that  the 
inprovement  in  view  due  to  heed  movements  and  binocular  vision  was  greater 
in  the  sisulation  than  in  the  aotuel  T.S.R.2. 

The  principal  ocnnent  of  the  pilots  was  that  oonpared  with  the  Hunter, 
which  has  a  good  view  from  the  oookpit  in  all  redes,  there  was  a  oonsiderable 
increase  in  the  blind  areas  oaused  by  structure  in  the  cockpit.  These 
became  inoreasin^  apparent  when  flying  at  hi^  qpeed  as  meteorologioal 
visibility  deorsas^ 

The  main  points  of  critioism  were:- 

(i)  nw  front  pillars,  which  if  reduced  in  width  would  have  allowad 

a  better  forward  view. 

(ii)  The  windscreen  arch,  which  oaused  a  large  blind  area. 

(iii)  The  overhead  oanopy  struoture. 

(a)  With  original  off-oentre  opening.  The  overhead  struoture 
in  ooiribinatioo  with  the  windsoreen  aroh  and  pillars,  oaused  a 
large  ohstruotion  to  the  view  in  isoderately  banked  turns.  The 
overhead  window  oould  be  used  in  steep  turns  but  it  would  have 
been  at  more  use  if  it  had  been  oontijaaed  farther  aft. 

(b)  With  central  q^ning.  This  was  a  great  improvement  on 
(a)  but  the  overhead  struoture  would  still  be  dbjeotionable  in 
a  fighter  rde. 
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6  FURTHER  DBVSLOFMENTS 


The  oanopy  finally  adopted  for  the  T.S.R.2  is  similar  to  T.S.R.2 
oonflguratlon  B,  but  has  a  narrower  central  menijer  and  opens  rearwards. 

Other  detail  changes  In  the  ooolcplt  design  have  also  been  made. 

Vlakers>Armstrongs  Limited  plan  to  have  further  flights  In  a  Hunter  to 
assess  a  simulation  of  the  final  design. 
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AEPENDIX  1 


THE  ASSBSSLfflNT  OP  A  SDIULITION  OP  TH3  VIE\Y  mm  TUB  COCKPIT  OF  THE  T.S.R.2 

liy 

Pilots  of  R.A.E.  Bedford 


1  INTRODDCTION  AND  CONDITIONS 


In  order  to  obtain  pilots'  ixopresslons  In  flight  of  the  proposed  T.S,R,2 
oanopy  and  windsoreen,  the  oanopy  and  windscreen  of  a  Ihinter  6  were  blaidced 
off  to  give  a  sisdlar  field  of  view.  This  field  of  view  was  established  by 
ocnparlng  photographs  taken  with  a  pinhole  oanera  inounted  in  the  T.S.R.2 
oookplt  mook-up  and  in  the  Hunter,  and  oan  only  accurately  slsulate  a  "one 
eyed  pilot"  who  never  movee  his  head. 

The  flints  were  made  over  sea  or  very  flat  terradn,  and  therefore 
remarks  about  obstruotion  to  view  at  various  bank  angles  do  not  allow  for 
hilly  surroundings. 

This  report  is  a  sumnary  of  the  remarks  of  seven  R.A.E.  pilots, 

2  PILOTS'  ASSESSMENTS 

2,1  M  a  0,9  at  low  level 

2.1,1  Hunter  oonfifluration  1  (Standard  Hunter,  minus  gun-sight) 

The  view  was  good  to  very  good,  due  to  the  light  structures  enployed. 

The  windscreen  pillars  were  narrow  enough  to  "see  through”  and  so  were  little 
obstruotion  to  vision.  However  sene  orltloisms  oan  be  made  of  the  view  in 
turning  flight.  The  emerf^noy  oonipass  was  an  appreciable  obstruction  to 
view  in  a  yfi  bank  turn  to  port.  At  over  35'*  of  bank  the  windscreen  aroh 
obscured  a  useful  part  of  tiie  horison,  but  only  a  small  bead  movement  was 
required  to  see  round  it,  although  this  was  difficult  under  hi^  nonnal 
aooeleration. 


2.1.2  Hunter  oonfiauration  2 

In  straight  and  level  fli^t  at  200  to  300  foot  above  ground  level,  the 
downmrd  view  ahead  and  to  the  sides  was  quite  good  but  there  was  oonsiderable 
obstruotion  of  the  forward  panoramio  view  by  the  windsoreen  side  pillars. 

This  was  partly  exaggerated  by  the  extra  Hunter  pillars,  but,  even  where  the 
pillars  were  almost  ooinoident,  Ihsre  was  still  a  width  of  pillar  whioh  was 
difficult  to  "see  through”.  This  6bstruoti«u  to  view  was  made  all  the  more 
evident  by  the  narrow  front  windsoreen.  In  good  visibility  the  obstruotion 
was  of  little  oonsequenoe  but  in  limitsd  visibility  the  presenoe  of  the 
pillars  was  increasingly  felt,  as  they  formed  a  positive  break  in  the  forward 
vision  in  an  area  in  whioh  it  was  necessary  to  scan  oontinuously  while  looking 
for  landmarks  and  ebstruotions.  In  level  fli^t,  there  was  no  real  obstruo¬ 
tion  from  the  oanopy  as  the  side  windows  were  adequate  in  depth  and  oontinued 
far  enough  aft  to  provide  a  reasonable  view.  There  was,  however,  a  large 
out-off  due  to  the  windsoreen  aroh,  but  this  was  far  enough  away  from  the  line 
of  flight  to  be  of  little  oonsequenoe.  In  poor  light  conditions  tte  presenoe 
of  the  extra  struoture  in  the  oanopy  made  the  Hunter  oookpit  seem  fairly  dark. 

In  turning  flight,  the  asyuaetrio  oanopy  structures  (see  Section  3  of 
main  report)  completely  obscured  the  horison  in  turns  of  about  50'’  bank  to 
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sterboard  and.  60°  bank  to  port,  and  in  atgrthing  except  poor  visibility  these 
bank  angles  were  exceeded  to  obtain  a  reasonable  rate  of  turn.  When 
manoeuvring  in  good  visibility  the  top  window  was  used  to  help  in  seeing  that 
the  path  of  the  alroraft  was  olear,  but  as  the  window  did  not  extend  very  far 
aft  it  was  of  limited  use.  In  good  visibility  the  principal  obstruotlon  was 
the  wlndsoreen  aroh,  whloh,  ooidiined  with  the  top  of  the  front  pillars  and 
forward  part  of  the  oanopy  structures,  effectively  blanked  out  the  view  of 
the  intended  flight  path.  This  obstruotlon  to  view  was  oontinuous  baok  into 
the  top  oanopy  structure  unless  the  angle  of  bank  was  about  75°,  whan  the  top 
window  oould  be  used. 

In  poor  visibility,  it  was  generally  found  that  bank  angles -of  about 
kOP  were  not  exceeded  and  under  these  ooidltions  the  oanqpy  structure  was 
still  above  the  horlson,  over  flat  terrain,  and  did  not  cause  an  obstruction 
to  the  view  at  the  grou^  On  these  oooasions,  the  desired  line  of  si^t 
was  usually  through  the  front  wlndsoreen  whloh  Just  allowed  one  to  see  the 
flight  pattu  The  real  bbstruotion  was  caused  by  the  width  of  the  front 
pillars,  as,  in  a  turn,  the  lower  ons  was  lying  Jut  below  the  horlson  and 
blanking  out  a  large  peroentage  of  the  desired  field  of  view.  The  wlndsoreen 
aroh  fornad  a  very  positive  barrier  to  more  rearward  view  although*  in 
conditions  of  poor  visibility  and  no  horlson,  there  was  little  desire  to  see 
further  aft. 


2.1.3  Hunter  configuration  3 

The  reduction  in  ^  overhead  oan^y  structure  to  a  single  central 
menber  made  a  very  great  ioprovement  to  the  overhead  view  in  steeply  banked 
turns  and  allowed  more  light  into  the  oookpit.  About  75°  of  bank  was 
required  to  put  the  bar  on  the  horlson,  over  flat  terrain,  and  whenever  this 
bank  angle  was  used  the  oiroumstanoes  were  suoh  that  a  limit  on  vQpeaxd  view 
was  not  of  a  serious  nature.  All  the  remarks  about  tiie  front  wlndsoreen 
and  aroh  in  para.  2,1,2  still  apply  in  this  case,  although  the  very  presence 
of  more  peri^^wral  view  in  steep  turns  made  some  of  the  shortoonings  of  the 
front  screen  more  bearable. 

2.1.4  Hunter  oonflsuration  4 

This  oonfiguration  was  assessed  to  see  whether  the  elimination  of  the 
extra  Hunter  pillars  would  alter  the  opinions  formed  in  the  earlier  flying. 

It  was  appreoiated  that  the  front  windscreen  would  now  be  much  wider  than  the 
T.S.R.2  screen. 

The  improvement  in  view  produoed  by  this  change  was  very  marked,  and 
was  alBOSt  entirely  due  to  the  extra  width  of  the  front  windsoreen.  It  was 
thought  ^t  the  aotual  width  of  the  windsoreen  pillars  was  still  too  great 
to  "see  through”  and  this  beoame  inoreasingly  apparent  as  msteorologio^ 
visibility  deoreased, 

2,2  On  the  awBroaoh  to  land 

The  dowmard  view  on  the  approach  was  suffiolent  for  even  a  vexy  flat 
approaoh  in  the  Hunter  at  135  knots.  On  a  straight  approach  in  good 
visibility,  there  was  no  real  inoomenienoe  from  the  fz^t  pillars  even  in  a 
15  knot  oross  wind,  and  the  general  forward  view  was  thou^t  to  be  quite  good. 
In  haoy  oonditions,  the  front  pillars  beoame  quite  an  obstruction  when  lo^ng 
for  the  runeay  lights  from  about  two  to  three  miles  range,  and  it  was  felt 
that  in  poor  visibility  they  would  be  a  serious  handioap  if  the  airoraf  t  was 
not  quite  lined  up  with  the  runray  on  reaching  visibility  distanoe  from  an 
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instrument  approach*  When  making  a  visual  oirouit  in  poor  visibility,  the 
windscreen  aroh  presented  a  very  objectionable  obstruction  when  banked  on  the 
final  turn,  and  this  made  it  very  difficult  to  keep  the  runway  in  sight. 

3  CONCLUSIONS 

In  good  visibility,  there  was  nothing  realty  uiqpleasant  about  the  view 
at  high  speed  apart  from  the  considerable  obstruotion  to  view  caused  by  the 
oant^y  atruotures  in  steep  turns,  and  it  was  felt  that,  as  a  simple  improve¬ 
ment,  it  would  be  of  advantage  to  make  the  top  window  oontinue  fwther  aft* 

The  flights  made  in  Hunter  configuration  3  sheared  that  the  canopy  with  a 
single  central  menher  was  an  acceptable  arrangement,  and  caused  serious 
obstruotion  only  in  very  steq;>  turns  vrtien  some  loss  of  \:^pward  view  would 
probably  be  acceptable.  This  overhead  blind  spot  would  probably  atill  be 
objectionable  in  an  aircraft  required  to  perfom  a  filter  role* 

With  the  visibility  anything  less  than  good,  there  was  oonsiderable 
criticism  of  the  width  of  the  front  pillars,  combined  with  the  narrow  front 
windsexeen  and  the  very  wide  windscreen  aroh*  The  limitations  in  view 
thereby  Imposed  increased  as  the  meteorologioal  visibility  decreased  and  it 
was  oonsidered  that,  for  an  aircraft  irtiioh  was  being  designed  to  operate  in 
all  weathers  at  low  level,  possibly  with  seme  unservioeability  of  automatios 
or  navigation  aids,  the  existing  amount  of  structure  was  unaooeptable*  The 
reduction  in  vision  in  poor  visibility  is  accentuated  by  the  reduced  time 
available  to  see  obstructions  when  flying  at  low  level,  and  tiierefore  any 
blind  spots  make  it  desirable  to  reduce  speed*  It  was  realised  that  severe 

structural  requirements  were  having  to  be  met  on  this  aircraft,  but  it  was 
felt  that  the  problems  of  the  present  restrictions  to  vision  would  have  to  be 
balanced  against  those  of  easing  the  structural  requirements. 

This  same  effect  of  the  accentuated  reduction  in  vision  also  applied  on 
the  landing  approach  in  poor  visibility,  when  the  time  taken  to  see  the  runway 
or  approach  lij^ts  decreased  the  chances  of  making  a  suooessful  approach. 

It  was  oonsidered  that  the  greater  distances  frem  the  pilot's  eyes  to 
the  struot\n:*e  in  the  actual  T*S,R.2  cockpit  would  make  oondltions  worse  than 
those  present  in  this  simulation* 

4  RECOMUENDATIOWS 


It  is  oonsidered  essential  that  the  obstruotion  to  view  oaused  by  the 
front  windscreen  pillars  be  reduced  by  either  optical  or  structural  msans, 
and  that  the  rear  aroh  of  the  windscreen  be  redesigned  to  give  a  better  view, 
even  if  this  msans  a  slight  reduction  in  the  struotuxal  strength  of  the 
windscreen. 

It  is  reocDxasnded  that  the  oanopy  be  made  to  open  oentralty  (as  in  tiie 
modified  oonfiguration)  to  improve  the  i^wrard  view  aid  that  the  width  of  the 
overhead  obstruotion  be  kept  to  the  absolute  mlnliman,  Bvexything  possible 
should  still  be  done  to  try  to  make  the  oanopy  oong>letety  Olear,  even  at  the 
possible  exqpense  of  ejection  times*  If  the  oanopy  has  to  ap*B  off-centre, 
the  top  window  should  be  continued  further  aft* 


-  11  - 

SEGRjST 


SECRET 


Technical  Note  No.  Aero.  2755 


APPENDIX  2 

THE  ASSESSMENT  OP  A  SIMULATION  OP  THE  VISYf  PROM  THE  COCKPIT  OP  THE  T.S.R.2 

by 

Pilots  of  ViokerB-ArmstrongB  (Aircraft)  Ltd. 


HUNTER  CONPIGURATION  2  ONLY 


The  aircraft  iniB  flown  at  200  feet  at  or  near  600  knots  for  a  oonaider- 
able  period  to  aasees  the  view.  The  flights  included  periods  over  land  and 

sea. 


The  results  can  be  briefly  sunnarised  as  follows 

(i)  Forward  view  was  marginal,  thou|^  not  patently  unacceptable.  The 
view  forwards  and  upwards  was  extremely  poor  due  to  the  heavy  aroh/top 
beam  intersection. 

(ii)  \Vhen  the  aircraft  was  banked  1^5^  the  horlson  disappeared 
completely.  This  angle  of  bank  was  considered  to  be  that  nonnally 
used  in  these  flight  oondltlons.  At  higher  bank  angles  (which  were 
not  pleasant  at  such  low  altitude)  the  horlson  oould  Just  be  seen 
through  the  8”  x  6"  panel  vdiloh  has  been  inserted  at  the  forward  end 
of  the  top  beam  to  afford  a  view  of  the  horlson  in  the  LbA.B.S. 
manoeuvre.  This  aspect  of  the  view  was  oonsidered  unaooeptable. 


-  12  - 

SECRET 


Sli)CRET 


Teohnioal  Note  No.  Aero,  2755 


-  13  - 

SECRET 


SBinent  (from  flights  oiver  flat  terrain) 


SECRET 


Teohnioal  Note  No.  Aero,  2755 


SECRET 


Technical  Note  No,  Aero,  2755 


r 


FIG.  I<b)  SIDE  VIEW  OF  THE  HUNTER  COCKPIT. 
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FIG.2 


FIG.2a.  FIELD  OF  VIEW  OF  PINHOLE  CAMERA,  SHOWING  5  GRID 


FIG.2b.  HUNTER  CONFIGURATION  I,  FROM  POINT  Z 


FIG.2C.  FIELD  OF  VIEW  FROM  HUNTER  CONFIGURATION  I,  POINT  Z 
AT  M  =.0  9  AT  LOW  LEVEL 
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FIG.3 


FIG.3a.  T.S.R.2.  CONFIGURATION  A.  MOCK-UP  FROM  POINT  X 


FIG.3b.  HUNTER  CONFIGURATION  2.  FROM  POINT  Z 
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FIG.  4(a)  FIELD  OF  VIEW  FROM  T.S.R.2. 
CONFIGURATION  A  POINT  X,ATM-09  AT  LOW  LEVEL. 


FIG.  4(te  FIELD  OF  VIEW  FROM  HUNTER 
CONFIGURATION  2  POINT  Z,  AT  M'O-9  AT  LOW  LEVEL. 
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FIG.8 


FIG.Sb.  FIELD  OF  VIEW  FROM  HUNTER  CONFIGURATION  4,  POINT  Z 
AT  M  0  9  AT  LOW  LEVEL 
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FIG.9 


FIG.9a.  T.S.R.2.  CONFIGURATION  A.  MOCK-UP  FROM  POINT  Y 


FIG.9b.  HUNTER  CONFIGURATION  5.  FROM  POINT  Z 
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FIG.  IO.(b)  FIELD  OF  VIEW  FROM  HUNTER 
CONFIGURATION  5  POINT  Z,  ON  THE  APPROACH. 


FIG. II.  GENERAL  VIEW  OF  HUNTER  COCKPIT  IN  CONFIGURATION  5 
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